D
iabetes is thoroughly evidenced to increase the risk of development of heart failure even in the absence of frequently coexisting comorbidities such as coronary artery disease and hypertension.
Cardiac adverse effects influenced by diabetes have been demonstrated thus far for the left ventricle, particularly systolic and diastolic dysfunction identified at rest (1) (2) (3) (4) (5) (6) (7) (8) (9) and/or during exercise (10 -11) . To date, no information is available regarding the possible involvement of the right ventricle in the pathological process evoked by diabetes. In clinical practice, right ventricular dysfunction is relevant in a variety of disease states affecting both the course and prognosis (12) (13) (14) (15) (16) , and therefore one may assume that right ventricular performance is also an important issue in diabetic patients.
The objective of the present study was to assess right ventricular systolic and diastolic function using conventional echocardiography and tissue Doppler imaging (TDI) in diabetic patients without coronary artery disease and with and without coexisting hypertension.
RESEARCH DESIGN AND METHODS -
The study group encompassed 27 diabetic and normotensive patients (DMN group) and 36 patients with coexisting diabetes and hypertension (DMHT group) who were prospectively enrolled between October 2002 and May 2003. The control group included 33 healthy volunteers. Coronary artery disease was excluded according to negative dobutamine stress echocardiography, treadmill exercise electrocardiographic test, the absence of myocardial ischemia in 24-h electrocardiographic Holter monitoring, and, in 27 patients, normal coronary angiogram. Other exclusion criteria included valvular or congenital heart disease, decreased left ventricular ejection fraction Ͻ50%, endocrine and systemic diseases other than diabetes, absence of stable sinus rhythm, serum creatinine Ͼ2.5 mg/dl, conduction or rhythm disturbances, pulmonary diseases and pulmonary hypertension, and tricuspid insufficiency exceeding I°/IV°. All medications were stopped at least five half-lives before the study, except for insulin and oral hypoglycemic drugs. Clinical and demographic data on the participants are shown in Table 1 .
Each subject participating in the study underwent echocardiographic examination using GE Vingmed System V equipment with a 2.5-MHz multifrequency transducer. The evaluation included measurements of left and right ventricular dimensions and wall thicknesses; left ventricular ejection fraction by modified Simpson's biplane method; tricuspid plane systolic excursion, reflecting the global right ventricular systolic function (17) ; left and right ventricular conventional Doppler parameters of diastolic function (peak early and peak late diastolic flow velocity and isovolumic relaxation time [IRT]); and TDI to assess right and left ventricular longitudinal myocardial function in the basal and midsegments. TDI was performed in the apical views (four chamber, two chamber, and long axis). Color TDI was superimposed on two-dimensional images, with the depth of imaging and the sector angle adjusted to obtain a color Doppler frame scanning rate Ͼ140 Hz. Myocardial regional velocity curves ( Fig. 1) were reconstituted from digitized images and analyzed offline. The following TDI variables were evaluated (18): peak systolic velocity (S m ), peak early diastolic velocity (E m ), peak late diastolic velocity (A m ), and regional IRT (IRT m ).
All tissue velocity curves were analyzed by one observer (W.K.) who was blinded to all of the patients' data, and the intraobserver variability estimated in 25 consecutive patients was 4.2-7.6% for different parameters.
Results are expressed as means Ϯ SD and percentages. Student's two-tailed t test, 2 , ANOVA, and Pearson rank correlation test were used where appropriate. P values of Ͻ0.05 were considered statistically significant.
RESULTS -No statistically significant differences were found among all groups regarding age, sex, heart rate, BMI, and plasma creatinine. The DMHT group exhibited significantly higher systolic and diastolic blood pressure, higher prevalence of left ventricular hypertrophy, and more prescriptions for antihypertensive (ACE inhibitors, ␤-blockers, Ca antagonists, and diuretics) and lipid-lowering (statins and fibrates) drugs. The DMHT and DMN groups did not demonstrate differences with respect to diabetes treatment, type and duration of diabetes, plasma glucose, HbA 1c , and prevalence of diabetes complications. All of the groups investigated did not differ in right ventricular systolic function as expressed by tricuspid plane systolic excursion and S m in the basal and mid-segments of the right ventricle.
Deterioration of right ventricular diastolic function was shown in both diabetic groups, which was indicated by TDI parameters (significantly lower values of E m and E m -to-A m ratio in the basal and midsegments and longer IRT m in the midsegment) and by significantly longer right ventricular IRT estimated from conventional Doppler. No statistical differences in all evaluated indexes of right ventricu- Data are n (%) or means Ϯ SD. E-to-A ratio, peak early-to-peak late diastolic velocity ratio; TPSE, tricuspid plane systolic excursion.
-Examples of right ventricular myocardial velocity curves in a healthy subject (A) and diabetic patient (B). Both
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DIABETES CARE, VOLUME 27, NUMBER 11, NOVEMBER 2004 lar diastolic function were noted between diabetic patients with and without hypertension. Left ventricular systolic and diastolic dysfunction was predominantly revealed in the studied diabetic population by TDI parameters, which has been previously described (19) . No significant correlations were found between estimated echocardiographic parameters and indexes of diabetic control (plasma glucose and HbA 1c ) as well as duration of diabetes.
CONCLUSIONS -The main clinical findings of our study are that in diabetic patients without clinically evident heart disease, 1) not only left ventricular but also right ventricular function is impaired and 2) the deterioration of right ventricular performance implicates diastolic abnormalities but not systolic ones.
No additive effect of concomitant hypertension in terms of further enhancement of right ventricular dysfunction was shown. Impairment in right ventricular diastolic function was evidenced mainly by TDI-derived indexes (decreased E m and E m -to-A m ratio in both the basal and mid-segments and prolonged IRT m in the mid-segment of the right ventricular free wall) and by only one conventional Doppler parameter, right ventricular IRT. Thus, TDI seems to prevail over other echocardiographic approaches in the evaluation of right ventricular myocardial abnormalities in diabetic patients, appearing to be more sensitive and more independent from various confounders, such as preload or respiratory variations. In our study, we found significant prolongation of IRT m in only the mid-segment, which usually refers to the trabecular portion of the right ventricle, whereas in the basal segment, which belongs to the right ventricular inflow component, the differences were statistically negligible. Whether this diversity could be related to regional inhomogeneity of the right ventricle in diabetic subjects requires further investigation. The subclinical right ventricular diastolic abnormalities in diabetic patients should be considered when planning pharmacotherapy to prevent the development of symptomatic right ventricular dysfunction. Furthermore, right ventricular diastolic indexes may eventually prove prognostically important in diabetes, but this requires longterm follow-up.
